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:RUOGZLGH KDYLQJ DV DLP WKH PRUH DQG PRUH FRVW HIIHFWLYH DQLPDO UHDULQJ VSHFLDOL]HG EUHHGV DUH XVHG E\ SUDFWLVLQJ DQG
H[SHULPHQWLQJPRGHUQPHWKRGVRIDQLPDOEUHHGLQJDQGUHSURGXFWLRQ3ODQQLQJWKHDGHTXDWHUHSURGXFWLRQDFWLYLW\WRHDFKIDUP
SXUSRVHLQYLHZOHDGVWRVRPHKLJKWHFKQRORJLFDOLQGLFHV
7KHDLPRIWKHSUHVHQWSDSHULVWKHRQHRIDVVHVVLQJWKHEHVWPHWKRGVRIUHSURGXFWLRQSODQQLQJDFWLYLW\LQDEHHIKHUG7KHUHZHUH
DQDO\]HG WKH UHSURGXFWLRQ LQGLFHV LQD&KDURODLV OLYHVWRFNDOORWWHG WR WKUHHFDWHJRULHVRI IHPDOHVSULPLSDURXV IHPDOHV
VHFXQGLSDURXVIHPDOHVDQGPXOWLSDURXVDWRWDORIHLJKW\WZRUHSURGXFWLRQVWRFN7KHVWXG\ZDVFRQGXFWHGGXULQJWKUHH\HDUV
DQGWKHUHSURGXFWLRQLQGLFHVZHUHWKHIROORZLQJOHQJWKRISUHJQDQF\VHUYLFHSHULRGFDOYLQJLQWHUYDOIHUWLOLW\UDWHDQGVH[UDWLR
RI WKH RIIVSULQJ 7KH DQLPDOV FRPH IURP LPSRUW IURP D WRWDO OLYHVWRFN QXFOHXV RI  KHLIHUV DQG D EXOO WKH IDUP OLYHVWRFN
LQFUHDVLQJ JUDGXDOO\ WR  KHDGV 7KH IHPDOHV ZHUH XVHG PD[LPXP ILYH FDOYLQJ DQG WKHQ FXOOHG 7KH DJH RI IHPDOHV¶
LQWURGXFWLRQWRUHSURGXFWLRQLVPRQWKVWKHILUVWFDOYLQJEHLQJDFKLHYHGDW\HDUVPD[LPXP\HDUV7KHUHZHUHXVHG
WKHJURXSHGFDOYLQJV\VWHPDQGLQGLYLGXDOFDOYLQJV\VWHPDORQJWKH\HDU
)ROORZLQJ WKH WKUHH \HDUV VWXG\ HYHQ WKH UHSURGXFWLRQ LQGLFHV GLG QRW GLIIHU VLJQLILFDQWO\ E\ WKH JURXSHG FDOYLQJ V\VWHP
REWDLQHG LQHDUO\VSULQJZLWK WKHDLGRIV\QFKURQL]HGKHDWV WKHHDUO\FDOYHVXVHGEHWWHU WKHJUD]LQJVHDVRQRIIHULQJ LQFUHDVLQJ
DPRXQWVRIPHDWZLWKOHVVFRVWV

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH8QLYHUVLW\RI$JURQRPLF6FLHQFHVDQG9HWHULQDU\0HGLFLQH%XFKDUHVW
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,QWURGXFWLRQ
1RZDGD\V WKH ZRUOGZLGH FRQVXPSWLRQ RI DQLPDO SURGXFWV OHG WR VWURQJ FKDQJHV LQ WKH SURGXFWLRQ VWUXFWXUH
7KXVDQLPDOKXVEDQGU\KDVEHFRPHDPDLQEUDQFKLQDOOWKHFRXQWULHVZLWKLQWHQVLYHDJULFXOWXUH+DYLQJDVDLPD
FRVWHIIHFWLYH H[SORLWDWLRQ RI DQLPDOV WKHUH ZHUH FUHDWHG QHZ EUHHGV RI DQLPDOV WKHUH ZHUH SUDFWLFHG YDULRXV
PHWKRGVRIDQLPDOEUHHGLQJWKHUHZHUHH[SHULHQFHGDQGLPSOHPHQWHGWKHPRVWPRGHUQWHFKQRORJLHVDOORIWKHPLQ
RUGHUWRREWDLQDVKLJKHUDVSRVVLEOHOLYHVWRFNSURGXFWV7DSDORDJD
)URPWKHGDWDSURYLGHGE\WKH)$2DQGYDULRXVLQWHUQDWLRQDOHFRQRPLFRUJDQL]DWLRQVJUHDWVLJQLILFDQFHVKDOO
EHJUDQWHG LQ WKH FRQWH[WRI DQLPDOKXVEDQGU\ WR FDWWOH VSHFLHV DV LPSRUWDQW VRXUFHRIPHDW DQGPLON ,W LVZHOO
NQRZQWKDWIRUGHFDGHVVFLHQWLVWVDOORYHUWKHZRUOGKDYHEHHQLQYHVWLJDWLQJEHHIFDWWOHHIILFLHQF\$VWKHNQRZOHGJH
RIEHHIFDWWOHHQHUJ\H[SHQGLWXUHVDQGQXWULWLRQDOQHHGVH[SDQGVDPRUHFRPSOHWHXQGHUVWDQGLQJRIWKHHIILFLHQF\RI
WKHEHHISURGXFWLRQV\VWHPLVQRZDGD\VXQGHUVWRRG
:KLOHWKHUHDUHVHYHUDOZD\VWRHYDOXDWHWKHHIILFLHQF\RIFRZVPRVWDUHEDVHGRQZHDQLQJDFDOIZLWKPLQLPXP
LQSXWV PRVW LPSRUWDQWO\ IHHG 7ZR DUHDV VWDQG RXW WR PHDVXULQJ HIILFLHQF\ LQ EHHI FDWWOH WKH UHSURGXFWLYH
HIILFLHQF\PRUHH[DFWO\WKHFRZV¶DELOLW\WREHFRPHSUHJQDQWDQGSURGXFHDFDOIHYHU\\HDUDQGIHHGHIILFLHQF\WKH
FRQYHUVLRQRIIHHGLQWRHQHUJ\XVHGIRUPDLQWHQDQFHZHLJKWJDLQPLONSURGXFWLRQDQGWRVXSSRUWUHSURGXFWLRQ7R
DFKLHYHWKHVHDODUJHQXPEHURIUHVHDUFKHVZHUHGRQHIRUILQGLQJWKHEHVWZD\VWRREWDLQKLJKUHSURGXFWLYHLQGLFHV
,QSDUDOOHOZLWK WKLV FRQFHUQ IDFWRUV WKDW LQIOXHQFH WKHSURFHVVRI UHSURGXFWLRQ LQGRPHVWLF DQLPDOVKDYHEHHQ
VWXGLHG 7KHVH IDFWRUV KDYHPRUH LPSRUWDQFH LQ WKH QHZ FRQGLWLRQV RI H[SORLWDWLRQ RI DQLPDOV ,Q SDUWLFXODU ZH
DQDO\]HWKHZD\WKHUHSURGXFWLRQLQGLFHVHYROYHGWKHOHQJWKRISUHJQDQF\VHUYLFHSHULRGFDOYLQJLQWHUYDOIHUWLOLW\
UDWHDQGWKHUDWLRRIVH[HV
0DWHULDOVDQGPHWKRGV
)RUEHHIUDQFKHVRUIDUPVWKHVLPSOHGLUHFWFDOFXODWLRQRISHUFHQWDJHRIDOOPDWXUHKHLIHUVDQGFRZVWKDWZHDQ
FDOYHVLQDQ\SDUWLFXODU\HDUSURYLGHVDFRPSUHKHQVLYHSLFWXUHRIUHSURGXFWLYHSHUIRUPDQFH
)RUWKHWULDOVZHKDYHFKRVHQDQXPEHURIFRZVDWWKHLUILUVWSUHJQDQF\FRZVDWWKHVHFRQGSUHJQDQF\DQG
 FRZV DW WKH WKLUG SUHJQDQF\ 7KH UHVHDUFK KDV EHHQ FDUULHG RXW IRU GXULQJ  $OO FRZV EHQHILW IRU
LGHQWLFDOFRQGLWLRQVRIPDLQWDLQLQJDQGIHHGLQJGXULQJ WKHHQWLUHVWXGLHGSHULRG ,QRUGHU WRDFKLHYH WKHSURSRVHG
JRDOV ZH PRQLWRUHG WKH UHSURGXFWLRQ DFWLYLW\ LQ WKH IDUP DQG ZH DQDO\]HG WKH GDWD QHFHVVDU\ WR FDOFXODWH WKH
IROORZLQJUHSURGXFWLRQLQGLFHVWKHOHQJWKRISUHJQDQF\VHUYLFHSHULRGFDOYLQJLQWHUYDOIHUWLOLW\UDWHDQGWKHUDWLR
RIVH[HV
7KHVHLQGLFDWRUVZHUHORRNHGVHSDUDWHO\IRUHDFKDJHJURXSVHWWLQJWKHPDLQVWDWLVWLFSDUDPHWHUVLQWKHJURXS


5HVXOWVDQGGLVFXVVLRQ

7KHSUHJQDQF\ LVDFRPSOH[SK\VLRORJLFSURFHVVEHWZHHQ WZRSDUWQHUV±PRWKHUDQGIRHWXVDQG LW ODVWV IURP
IHFXQGDWLRQWRSDUWXULWLRQ7DSDORDJD'XULQJDOOWKHSUHJQDQF\SHULRGWKHPDWHUQDORUJDQLVPLVPRUHXVHG
EHLQJ WKHRQHZKLFKDVVXUHDOO WKHFRQGLWLRQV IRU WKHGHYHORSPHQWRI WKH IRHWXVSURWHFWLRQQXWULWLRQ UHVSLUDWLRQ
HOLPLQDWLRQ RI WKH PHWDEROLF SURGXFWV :KHQ VRPH GLVRUGHUV RI WKH PDWHUQDO DQG IRHWDO IXQFWLRQV DSSHDU WKH
SUHJQDQF\LVLQWHUUXSWHGDQGWKHDERUWLRQFRPHV,WLVNQRZQWKDWWKHOLIHWLPHSURGXFWLYLW\RIDFRZLVLQIOXHQFHGE\
DJH DW SXEHUW\ )LJ  DJH DW ILUVW FDOYLQJ DQG FDOYLQJ LQWHUYDO )LUVW FDOYLQJ PDUNV WKH EHJLQQLQJ RI D FRZ
V
SURGXFWLYH OLIH$JHDW ILUVW FDOYLQJ LVFORVHO\ UHODWHG WRJHQHUDWLRQ LQWHUYDODQG WKHUHIRUH LQIOXHQFHV UHVSRQVH WR
VHOHFWLRQ
7KHILUVWPHDVXUHRIUHSURGXFWLYHHIILFLHQF\DQDO\]HGLQWKHSDSHUZDVWKHOHQJWKRIWKHSUHJQDQF\7KHUHFRUGHG
GDWD DUH VKRZQ LQ WDEOH  DQG ILJXUH  DQG LW FRXOG EH QRWLFHG WKDW WKH ORZHUPHDQ YDOXH RI WKLV SDUDPHWHUZDV
UHFRUGHG LQKHLIHUV¶FDWHJRU\GD\VDQG WKHKLJKHVW LQ WKHFRZVDW WKHVHFRQGJHVWDWLRQGD\V7KH
PHDQYDOXHIRUWKHZKROHVWXGLHGKHUGZDVGD\V


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7DEOH/HQJWKRISUHJQDQF\GD\V
&DWHJRU\
Q 
$YHUDJH
3ULPLSDURXVQ  
6HFXQGLSDURXVQ  
0XOWLSDURXVQ  
+HUG 

ϮϴϬ
Ϯϴϱ
ϮϵϬ
>ĞŶŐƚŚŽĨƉƌĞŐŶĂŶĐǇ
>ĞŶŐƚŚŽĨ
ƉƌĞŐŶĂŶĐǇ

)LJ/HQJWKRISUHJQDQF\

7KLV YDOXH LV FRQVLGHUHG D YHU\ JRRG YDOXH IRU WKH VWDQGDUG RI&KDURODLV EUHHG 7KH YDOXHVPRQLWRUHG LQ WKH
VWXGLHGKHUGZHUHDFKLHYHGGXHWRDZHOOIHHGLQJDQGPDLQWDLQLQJRIWKHDQLPDOV
&DOYLQJLQWHUYDO &, LV D UHSURGXFWLYH LQGH[ WKDW FRXOGEHFDOFXODWHGRQO\ LQFRZVZKLFKFDOYHG WZRRUPRUH
WLPHVDQGLWLVH[SUHVVHGLQDEVROXWHQXPEHUV,WFRXOGEHFDOFXODWHGIRUHDFKIHPDOHIRUWKHLQWHUYDOEHWZHHQWZR
VXFFHVVLYHSDUWXULWLRQVRUDPHDQYDOXHIRUD IHPDOHIRUDOOSDUWXULWLRQRUIRU LWVHQWLUHUHSURGXFWLYH OLIH$WIDUP
OHYHODPHDQYDOXHIRUWKHZKROHOLYHVWRFN&DOYLQJLQWHUYDOFDQEHGLYLGHGLQWRWKUHHSHULRGVJHVWDWLRQSRVWSDUWXP
DQRHVWUXVIURPFDOYLQJWRILUVWRHVWUXVDQGWKHVHUYLFHSHULRGILUVWSRVWSDUWXPRHVWUXVWRFRQFHSWLRQ7KHOHQJWKRI
WKHSRVWSDUWXPDQRHVWURXVDQGVHUYLFHSHULRGVDUHVRPHWLPHVFDOOHGWKHGD\VRSHQSHULRGDQGLWLVWKHSDUWRIWKH
FDOYLQJLQWHUYDOWKDWFDQEHVKRUWHQHGE\LPSURYHGKHUGPDQDJHPHQW7KHGD\VRSHQSHULRGVKRXOGQRWH[FHHG
GD\VLIDFDOYLQJLQWHUYDORIPRQWKVLVWREHDFKLHYHG3HWHUV7KLVUHTXLUHVUHHVWDEOLVKPHQWRIRYDULDQ
DFWLYLW\VRRQDIWHUFDOYLQJDQGKLJKFRQFHSWLRQUDWHV7KHGXUDWLRQRIWKLVSHULRGLVLQIOXHQFHGE\QXWULWLRQ:LOWEDQN
HWDOVHDVRQPLON\LHOGSDULW\%XFNHWDOVXFNOLQJDQGXWHULQHLQYROXWLRQ,QFDWWOH WKHRSWLPXP
YDOXHRI&,LVGD\VGD\V63DQGGD\V*/OHQJWKRIJHVWDWLRQ
6HUYLFHSHULRG63VWXG\HPSKDVL]HVDVHULHVRIGDWDUHODWHGWRWKHIHPDOHV¶PDLQWHQDQFHLQODWHSUHJQDQF\DQG
RIFRXUVHLQ WKHSXHUSHUDOSHULRG,W LVDYHU\VHQVLWLYHLQGH[ZKLFKKDV WRNHHSWKHDWWHQWLRQRIVSHFLDOLVWV LQ WKH
FDWWOHIDUPV5HODWHGWRVSHFLHVLWKDVYDULDEOHYDOXHVLQFRZVWKHRSWLPXPYDOXHLVGD\V7DSDORDJD
,QWKHSUHVHQWVWXG\WKHYDOXHRIVHUYLFHSHULRGIRUWKHIHPDOHVDIWHUWKHLUILUVWJHVWDWLRQLVGD\VLWUHFRUGV
ORZHUYDOXHVLQWKHRWKHUWZRFDWHJRULHVWKHPHDQYDOXHIRUWKHHQWLUHKHUGEHLQJGD\V7KHGDWDDUHSUHVHQWHG
V\QWKHWLFDOO\LQWDEOHDQGILJXUH

7DEOH/HQJWKRIVHUYLFHSHULRG
&DWHJRU\
Q 
$YHUDJH
3ULPLSDURXVQ  
6HFXQGLSDURXVQ  
0XOWLSDURXVQ  
+HUG 

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
)LJ/HQJWKRIVHUYLFHSHULRG

,Q WKHSUHVHQWSDSHU WKHFDOYLQJLQWHUYDOIRUSULPLSDURXVFRZVUHSUHVHQWV WKHLQWHUYDOEHWZHHQWKHILUVWFDOYLQJ
DQG WKHVHFRQG WKHFDOYLQJ LQWHUYDO IRUVHFXQGLSDURXVIHPDOHVUHSUHVHQWV WKH LQWHUYDOEHWZHHQ WKHVHFRQGDQG WKH
WKLUGDQGVRRQ
7KHKLJKHVWPHDQYDOXHRIWKLVLQGH[ZDVUHFRUGHGLQWKHILUVWFDWHJRU\GD\VDQGNHHSVWKHVDPHG\QDPLF
DVLQVHUYLFHSHULRGFDVH

7DEOH/HQJWKRIFDOYLQJLQWHUYDO
&DWHJRU\
Q 
$YHUDJH
3ULPLSDURXVQ  
6HFXQGLSDURXVQ  
0XOWLSDURXVQ  
+HUG 

ϯϱϬ
ϰϬϬ
ĂůǀŝŶŐͲŝŶƚĞƌǀĂů
ĂůǀŝŶŐͲŝŶƚĞƌǀĂů

)LJ&DOYLQJLQWHUYDOOHQJWK

&, UHFRUGHGSHU KHUG DPHDQYDOXH RI  GD\V&RZV FDOYLQJ ODWH LQ WKH FDOYLQJ VHDVRQJHQHUDOO\ KDYH D
ORZHUSUHJQDQF\UDWHEHFDXVHWKH\GRQRWKDYHWLPHWRVKRZRHVWUXVHDUO\LQWKHEUHHGLQJVHDVRQ
7KLVLQGH[KDVEHHQH[WHQVLYHO\DQDO\]HGDQGUHSRUWHG,WLVSUREDEO\WKHEHVWLQGH[RIDFDWWOHKHUG
VUHSURGXFWLYH
HIILFLHQF\ 5HVXPSWLRQ RI RYDULDQ DFWLYLW\ LQ WKH SRVWSDUWXP SHULRG GRHV QRW QHFHVVDULO\ OHDG WR FRQFHSWLRQ DQG
PHWKRGVRI VWLPXODWLQJRHVWUXVPXVWEHFRQVLGHUHG LQ UHODWLRQ WR WKHLUHIIHFWRQFRQFHSWLRQ +ROQHVVHWDO
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DQGLQGLUHFWO\FDOYLQJLQWHUYDOV
&DOYLQJ LQWHUYDOPD\EH LQIOXHQFHGE\SODFHQWDH[SXOVLRQ WLPH &KRXGKXULHWDODQGXWHULQHSDWKRORJ\
+LQRMRVDHWDOIRXQGDIDYRXUDEOHPHDQFDOYLQJLQWHUYDORIGD\VPRQWKVLQDZHOOPDQDJHG
KHUG LQ0H[LFR7KH\DWWULEXWHG WKHVKRUWQHVVRI WKHFDOYLQJ LQWHUYDO WR WKHDEVHQFHRIEUXFHOORVLVZKLFKUHGXFHG
DERUWLRQUDWHDQGVWULQJHQWFXOOLQJRILQIHUWLOHFRZV
)HUWLOLW\ LV WKH DELOLW\ RI PDOH DQG IHPDOH DQLPDOV WR SURGXFH YLDEOH JHUP FHOOV PDWH FRQFHLYH DQG GHOLYHU
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